Adhesive layer is an essential part of tooth colored restorations which play an important role in decreasing the microleakage between the tooth and restoration material after polymerization shrinkage. The purpose of this study was to evaluate the effect of deferent adhesive system of bonding agent on microleakage of nanocomposite resin in class II cavities. Two different types of adhesive systems: universal adhesive (ExciTE) and a newly developed adhesive (Nano-Bond) and one type of light-cured resin restorative material (nanocomposite resin) were used in this study. These adhesives were applied to prepared tooth cavities by either manufactures' instructions or by an experimental method (single or double application). Nanocomposite resin was then placed and light-cured for 40 seconds. Teeth were subjected to 500 thermal cycles between 5°C and 55°C and were immersed in 3% methylene blue solution for 24 hours; microleakage was observed microscopically. The data were analyzed by a two-way ANOVA. For comparison between groups, Tukey's post-hoc test was used. Nanoparticles reinforced adhesive system shows low microleakage in compare with universal adhesive system, and application of two adhesive layers also can decrease the microleakage. The ability of stress absorption by adhesive layer after polymerization shrinkage of restoration material will reduce the microleakage.
traction stress in a confined structure such as tooth cavity [1] . The contraction stress in resin composite plays an important role in marginal adaptation [2] . When the stress generated by the polymerization shrinkage exceeds the bond strength of adhesive resin to cavity walls and floor, a contraction gap of microleakage is formed [3] [4] . The linear shrinkage of microfilled composites ranged from 2% -3% after curing. Hybrid composites and micro-hybrid composite shrank from 0.6% -1.4% [5] . Such shrinkage caused microleakage, a well-known effect of contraction gaps on the interface of resin and tooth. Saliva, fluid, food residue, and microorganism strapped in the gaps lead to decayed teeth and damaged enamel which is a major problem in current restorative and esthetic dentistry so as to provide a material with high mechanical properties and low polymerization shrinkage. It was anticipated that composites with epoxy resin and nanosilica filler could fulfill these requirements [6] [7] .
There have been many efforts at reducing the polymerization shrinkage in resin composites. One approach is through control of components of the composite itself such as the amount and type of matrix resin [8] , the filler level [9] , the curing chemistry [10] , the initiator level [11] and the addition of non-bonded micro-filler particles [12] . The other approach is performed technically and includes a modified application technique [13] [14] , the sandwich restoration with glass ionomer [15] , the use of resin inlay [16] , and controls the restoration rate by altering light energy [17] [18] .
One practical approach to reducing the effects of composite contractions is to place a flexible and low-viscosity intermediate layer of a bond agent or a lining material between the composite and cavity walls [19] [20] . This layer acts as an elastic buffer at the resin-dentin interface and gives the total restoration the flexibility required to compensate for the part of the polymerization contraction. As a result, the adhesive bond will remain intact and marginal integrity will be preserved. This observation supports the stress-absorbing theory [21] [22] . Such stress can also be reduced significantly by a relatively thin layer of Scotch bond™ Multi-purpose adhesive and additional adhesive layers in the marginal area to reduce the overall degree of microleakage [20] .
The purpose of this study was to evaluate the effect of deferent adhesive system of bonding agent on microleakage of nanocomposite resin in class II cavities.
Material and Methods
Two different types of adhesive available systems, ExciTE (Ivoclar, Vivadent, Schaan, Liechtenstein, Swiss, lot #K41832) and Nano-Bond adhesives (Pentron Clinical Technologies, USA, lot #183421) and one type of nanofilled composite (Artiste Nanocomposite, Pentron Clinical Technologies LLC, USA, lot #182066-185215) were used in this study. ExciTE is a fourth-generation universal adhesive system and Nano-Bond is fourth-generation newly developed adhesive system.
Twenty freshly extracted caries-free human molar teeth were collected for the purpose of this study. The teeth were cleaned by an ultrasonic scaler and stored in distilled water at 37˚ C before testing.
Standardization class II cavities were prepared in the selected teeth. Cavities were prepared with 330 carbide burs at high speed with air-water coolant. The buccoligual width was 2 mm and 1.5 mm deep. The proximal boxes were prepared with No. 557 carbide burs. The proximal box margins were placed 2 mm above the cementoenamel junction. The depth of the box from the cavosurface margin to the axial wall was almost 2 mm and the occlusal was almost 4 mm. The interproximal walls, floor, and marginal ridge area were beveled to approximately 1 mm long with No. 7901 carbide burs.
The prepared teeth were divided into two main groups (of 10 each) according to the type of adhesive system. Group A: ExciTE adhesive and Group B: Nano-Bond adhesive system. Each group was further subdivided into two subgroups (of five each) according to the layers of the adhesive system. Subgroup 1 (A1 & B1): one layer of adhesive systems and subgroup 2 (A2 & B2): two layers of adhesive systems.
The cavity of each tooth was acid etched using 37% phosphoric acid gel for 15 seconds. Then the teeth were rinsed with water spray and dried with oil-free stream for five seconds. The adhesives were applied on the cavities by either the manufactures' instructions or by an experimental method (single or double application). The adhesives were applied to the entire surface of the cavity and air thinned for 15 seconds. A gentle stream of dry air was applied to disperse the material into a thin, uniform, shiny appearing surface. The adhesive was then light-cured for 10 seconds with light emitting diodes (LED). Specimens with thick adhesive layers were produced by the application of one additional coat of adhesive. Additional coats were applied only to the marginal areas of the cavity to avoid pooling. Each layer was light-cured separately for 10 seconds.
Cavities were then filled with nanofilled composite. Resin composite was placed in two separately light-cured increments; each increment was light-cured for 40 seconds with the tip as close to the surface as possible. Cur-ing radiometer equipment was used to ensure steady light intensity throughout the polymerization of all specimens. All restorations were finished and polished with a set of solfex discs (3 M Company, St. Paul, MN, USA).
Teeth were prepared for microleakage evaluation by sealing the root apices with sticky wax. All other surfaces, except the restorations and 1 mm from the margins, were coated with two layers of nail varnish to avoid dye penetration. Teeth were stored in distilled water for 48 hours and then subjected to 500 thermal cycles between 5˚C and 55˚C water baths.
Dwell time was one minute with a 10-second transit time between baths. After thermocycling, teeth were immersed in a 3% methylene blue solution for 24 hours. Subsequently, all teeth were sectioned into two halfmesiodistally sections with a low-speed diamond disc * under water coolant. Dye penetration was measured under a stereomicroscope (Olympus SZ-PT-Japan) at 10x magnifications. Linear dye penetration (in microns) of each specimen in different groups was automatically calculated used the image analysis software (Image Ware, Image J 1.3lb, USA). Linear dye penetration was measured along the gingival floor as well as the axial wall. The ratio of linear dye penetration to the total measure of the gingival floor or axial wall was calculated and the percentage of dye penetration obtained for each specimen. Data analysis was performed by a two-way ANOVA. Tukey's post-hoc test was used for a pairwise comparison between the means when the ANOVA test was significant.
Results
The mean percentage of microleakage for the tested adhesives (ExciTE and Nano-Bond) with different interactions at the gingival floor is presented in Table 1 . The microleakage (%) of ExciTE adhesive applied in one layer (A1) at the gingival floor had the statistically significant highest mean microleakage (%). This was followed by application of the ExciTE adhesive in two layers (A2), then Nano-Bond adhesive in one layer (B1). The statistically significant lowest mean microleakage (%) was found with the Nano-Bond adhesive in two layers (B2). There were significant differences (P < 0.05) between study groups. Microleakage was decreased for the specimens receiving two layers.
The mean percentage of microleakage for the tested adhesives with different interactions at the axial wall is presented in Table 2 . ExciTE adhesive of group A1 showed the highest microleakage while Nano-Bond adhesive of group 2 had the lowest microleakage. In a similar manner as presented in Table 2 , the application of two layers of adhesive to the cavity wall reduced significantly (P < 0.001) the microleakage (%) at axial walls. Between the specimens receiving one and two adhesive layers, there were significant differences between the gingival floor and the axial wall. The microleakage (%) at gingival floors was higher than those at the axial wall of each specimen.
Discussions
In many dentin-bonding systems, dentin preparation is a multistage process involving three steps: 1) etching with an acidic conditioner; 2) priming with hydrophilic resin in solvent; and 3) bonding with an unfilled or lightly filled resin [23] .
The major goals of using dentin-bonding systems are to enhance the bonding strength between resin and the tooth structure, increase the retention of restoration, reduce the microleakage across dentin-resin interface, and scatter the occlusal stress [24] .
Marginal leakage of composite restorations may be influenced by external stress produced during chewing and internal stress produced by polymerization contraction. These stresses may compromise the material's properties, creating marginal openings and deform the tooth substrate [25] [26] . The contraction stress of composite depends upon the type and level of filler included. Generally, an increased filler level should contribute to a reduce polymerization shrinkage, since the overall polymerization shrinkage depends on the amount of polymer matrix [9] . On the other hand, the stiffness of the composite is also increased at high filler levels. The high stiffness leads to increased stress for a given contraction strain, according to Hooke's law; therefore, the composite stiffness and the amount of contraction both play important roles in the generation of stress in dental composite restorations [27] . Adhesive layer acts as an elastic intermediate layer (elastic cavity wall) between the cavity walls and the adjacent composite. This layer could resist the polymerization shrinkage stress of the resin composites and absorb the shock produced by occlusal loads and thermal cycling [19] .
According to many investigators [29] [30], the uses of filled adhesive resin increases the mechanical properties and improves marginal and internal seals of composite restoration.
This study demonstrated that increasing the adhesive thickness by means of additional layering on the cavity walls should lead to an improvement of the marginal integrity and, as a consequence, may prolong the life of a restoration; however, a thick layer of low stiffness (unfilled or lightly filled) adhesive resin at the margins of restoration may lead to reduction in contraction stress and enhanced wear at this location.
The result of the present study also showed less microleakage in Nano-Bond adhesive (one and two layers). This may be contributed to increased filler levels and decreased particle sizes in Nano-Bond adhesives over the ExciTE adhesive.
The findings from this study supports many previous studies which demonstrate that gingival margins are potentially a greater source of marginal leakage in class II composite restorations compared to occlusal margins and axial walls [31] [32] [33] . Neme, et al. [34] have suggested that the absence of enamel at the gingival cavosurface margin of the proximal box results in low-bond strength between material and substrate. This lack of enamel requires adhesion of the restorative material to cementum/dentin, a less reliable, more complex substrate than enamel. A third hypothesis proposed for increased cervical or gingival leakage compared to that of occlusal margins or axial walls, as it relates the distance of the light source from the material at the proximal box base to the axial or occlusal surface. It has been hypothesized that the resulting higher polymerization stresses at the gingival floor cause increased dimensional changes, leading to gap formation [33] . Further laboratory studies and long-term clinical evaluations are needed before definite conclusions could be drawn.
Conclusion
In this study, Nanoparticles reinforced adhesive system shows low microleakage in compare with universal adhesive system, and application of two adhesive layers also can decrease the microleakage.
